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Abstract
Purpose—Although occupational factors have been associated with symptomatic ischemic heart
disease, associations between job strain (low decision latitude and high psychological demands) and
risk for subclinical atherosclerosis measured by coronary artery calcium (CAC) has not been
assessed.

Methods—CAC was measured in 3,695 participants in the Coronary Artery Risk Development in
Young Adults (CARDIA) study in 2000-01 and 2005-06. Job characteristics measured by the
demand-control model (psychological demands and decision latitude) were assessed in 1987-88 and
in 1995-96. Associations between non-zero CAC and prior job characteristics and occupation were
assessed, adjusting for potential covariates.

Results—Low decision latitude, high psychological demands, and job strain at either earlier exam
were not associated with a positive CAC, nor were changes in the status of these job characteristics
between 1987/1988 and 1995/1996. However, participants whose jobs were classified as managerial
or professional in 1995/1996 were less likely to have a positive CAC than those in laborer
occupations.

Conclusions—Job strain measured at two earlier time points was not related to the presence of
CAC at follow-up 5 to 18 years later. The association between earlier occupation and CAC may
reflect socioeconomic differences or other occupational, industrial, or labor market characteristics.
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Occupation and work characteristics have been investigated with regard to coronary heart
disease (CHD). Occupation has traditionally been used as an indicator of socioeconomic status,
and work characteristics such as high work demands and low control over job duties and low
use of skills have been investigated (1). Several studies have observed associations between
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job strain (defined as low decision latitude and high psychological demands) and CHD risk
(2-7), although others observed no significant association (8-11). In the Coronary Artery Risk
Development in Young Adults (CARDIA) study, job strain had little or no cross-sectional
association with cardiovascular risk factors among young adults (11) but was significantly
associated with incident hypertension over 8 years among the full cohort and among whites
specifically (12).

Measures of subclinical atherosclerosis have drawn attention in epidemiologic studies as
advantageous over self reports and clinical identification of disease status. Studies examining
associations between job stress (variously defined) and subclinical disease measures such as
carotid intima-media thickness or coronary stenosis have produced mixed results (7,8,13-17)
but have shown associations even in young adults (7,13). Likewise, occupation has been related
to CHD and subclinical atherosclerosis (18-20). Diez-Roux (20), for example, observed greater
CHD prevalence and increased carotid wall thickness in lower occupational categories.

Coronary artery calcium (CAC) has attracted attention as an indicator of subclinical coronary
artery disease (21-24). This measure of the calcified component of coronary artery plaque is
strongly associated with the extent of atherosclerosis and with risk for cardiac events (21,22,
24). Associations of CAC with early adult levels of modifiable risk factors have been noted
(25). Loria and colleagues (25) observed that baseline risk-factor levels were equally or more
informative for predicting the odds of a positive CAC in middle age than were subsequent risk-
factor levels, and baseline levels were equally predictive of future CAC risk as changes in risk-
factor levels.

No studies examining associations of job strain or occupation with CAC were found in the
literature. Given observed associations of young adult risk factors with CAC levels later in life
(25) and of job stress with other measures of subclinical atherosclerosis in young adults (7,
13), we examined associations of occupation and job strain, as well as changes in job strain,
in young adulthood with coronary artery calcium in the CARDIA study. We hypothesized that
job strain would be positively associated with the presence of CAC.

Methods
CARDIA is a multicenter, longitudinal study of the development of coronary artery disease
risk beginning in young adulthood (26). The cohort consists of 5115 black and white adults
aged 18 to 30 years at baseline (1985/1986) recruited from 4 metropolitan areas (Birmingham,
Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California). Within each
center, the sample comprised approximately equal numbers of participants by sex, race (black
or white), age (18–24 years or 25–30 years), and education (≤ high school graduate or >high
school graduate). Participants were re-examined 6 times over approximately 20 years.
Participants were more likely to be white, male, older, and with more education when compared
to those eligible but who did not participate in the study (26). All examinations were approved
by the institutional review boards of participating institutions, and written informed consent
was obtained from study participants. Analyses were approved by the CARDIA Steering
Committee.

Our analyses used data from the CARDIA year 2 (1987/1988), year 10 (1995/1996), year 15
(2000/2001) and year 20 (2005/2006) examinations. Occupation was collected at each
examination and coded to U.S. census categories. For these analyses only occupation at years
2 and 10 were assessed; to coincide with job strain measures. Job characteristics were measured
at years 2 and 10 using the 14-item Job Content questionnaire (27). Participants’ agreement
with each item was measured on a scale of 1 to 4, indicating strong disagreement to strong
agreement. A “psychological job demands” score is based responses to 5 items about working
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fast, working hard, having excessive work, not having enough time to do work, and facing
conflicting demands at work. “Decision latitude” is based on responses to 9 items related to
learning new things, creativity, level of skill, task variety, special skills, repetition, ability to
make personal decisions about how to work, having say in one’s job, and freedom to decide
how to do one’s job. The scales developed by Karasek weight some items resulting in a range
from 12 to 48. Following Markovitz and colleagues (12), we used sex-race median cut points
to define high or low psychological demands and decision latitude. Job strain, a derived
dichotomous variable, was defined as having a job with high psychological demands and low
decision latitude. We also examined job strain as a continuous variable, defined as the ratio of
the demands score divided by the decision latitude score; a higher ratio indicates more job
strain.

Coronary artery calcium in the main coronary arteries (left main, left circumflex, left anterior
descending and right) was measured at year 15 (2000/2001) and at year 20 (2005/2006). Two
computed tomography (CT) scans were obtained for each participant by using electron beam
CT (Imatron C-150, GE Medical Systems, Milwaukee, Wisconsin [Chicago and Oakland
centers]) or multidetector CT scanners (either GE Lightspeed, GE Medical Systems
[Birmingham center] or Volume Zoom, Siemens, Erlangen, Germany [Minneapolis center]).
For each scan, 40 consecutive images from the root of the aorta to the apex of the heart were
obtained. Participants were ineligible for CT scanning if they were pregnant (18 at year 15, 7
at year 20) or if their body weight was above scanner limits (44 at year 15, 37 at year 20). A
trained technician examined each image and identified potential foci of CAC using specially
developed image-processing software. An expert investigator reviewed and adjudicated all
discordant scan pairs. Quality control analyses suggested high between- and within-reader
agreement and acceptable paired scan agreement, with only 4% discordant pair scans (28). We
considered coronary calcium to be present in participants with an Agatston score >0 at either
exam. The presence/absence of CAC has been previously used in CARDIA (25,29) because
of the relatively young age and small numbers when examining the distribution of CAC.

Other variables considered for analyses were participants’ age, education level, examination
center, and risk factors which consisted of smoking status, body mass index, systolic and
diastolic blood pressure, fasting plasma cholesterol concentrations (total, low-density
lipoprotein, and high-density lipoprotein), alcohol use, and physical activity level.

We used chi-square tests to assess unadjusted associations between participants’ job
characteristics and the presence of CAC. Multiple logistic regression models were used to
calculate adjusted odds ratios (AORs) and 95% confidence intervals (CIs). For any job
characteristics significantly associated with the presence of CAC in unadjusted analyses, we
then adjusted for the previously described risk factors to assess whether the association was
independent of these risk factors. Associations between the presence of CAC and job
characteristics were assessed separately for job characteristics at year 2 and at year 10. In
addition, we examined prevalence of CAC with changes in high/low decision latitude,
demands, and job strain between year 2 and year 10 among those with job characteristics
measured at both exams. Analyses were conducted with SAS statistical software version 9.1
(SAS Institute Inc, Cary, NC), with P<0.05 considered statistically significant.

Results
About 90% of the original 5,115 subjects participated in the 1987/1988 examination; of these,
4,211 had job content scores. About 77% participated in the 1995/1996 examination; 3,865
had job content scores. About 74% participated in the 2000/2001 examination, with 3,042
having CAC measures. About 72% participated in the 2005-2006 examination, with 3,137
having CAC measures. Of 3,695 participants who had CAC assessed at either the CARDIA
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year 15 or year 20 exam, 88% had job strain scores from year 2 (1987/1988), and 89% had job
strain scores from year 10 (1995/1996) (Figure 1). Conversely, 77% of those with job strain
scores at year 2 and 85% of those with job strain scores at year 10 had CAC measured at either
year 15 or year 20.

About equal percentages of those with and without CAC measures reported being in any
combination of low/high demand and low/high latitude jobs at either earlier exam. For example,
the percentages with low latitude/low demands, high latitude/low demands, low latitude/high
demands, and high latitude/high demands at the year 10 exam with versus without a scan were
31% vs 33%, 24% vs 23%, 21% vs 19% and 24% vs 24% respectively. Likewise, the percentage
of participants with a CAC score differed little by whether their job characteristics were
measured at year 2 or year 10.

About 23% of participants in the year 2 exam and 21% of those at the year 10 exam had high-
strain jobs (Table 1). Black men (P=0.02) and black women (P=0.03) were somewhat more
likely to report having high-strain jobs than white men and women, respectively. White women
had the highest percentage of jobs with high decision latitude and high psychological demands.
As would be expected, participants with managerial occupations and those with higher
education were more likely to report high job decision latitude at both year 2 and year 10 than
were laborers and those with less than a high school education, respectively (P=0.0001 for
occupation overall and education overall for both exams) (Figure 2a). High psychological job
demands were reported most frequently by respondents in managerial occupations (P= 0.002
at year 2 and P= 0.0001 at year 10 for overall association between high psychological demands
and occupational group) (Figure 2b). Job strain was greatest among the operators/ fabricators/
laborers occupational group (P =0.0001 for overall association for exams) (Figure 2c).

About 17.7% of the participants had a positive CAC for the combined year 15
(prevalence=9.6%) and year 20 (prevalence=18.5%) examinations. Previous CARDIA
analyses observed that male sex and older age were positively associated with CAC (25,29).
In unadjusted analyses, job characteristics based on high/low psychological demands and
decision latitude at either year 2 or year 10 was not associated with the presence of CAC (Table
2). Among women at the year 2 exam, there was an apparent race difference in the direction
of association of decision latitude with prevalence of CAC, with white women having a higher
prevalence of CAC with higher decision latitude and black women having a lower prevalence
with higher latitude, although differences within race-sex groups were not significant. Among
the total sample, participants in blue collar jobs (precision/craft/repair and operators/
fabricators/laborers) at year 2 and year 10 tended to show a higher prevalence of a positive
CAC than workers in other occupational categories (P =0.0001 for overall association).

When examined as either continuous or as categorical variables in multivariate models,
decision latitude, psychological demands, and job strain were not associated with the
probability of a positive CAC (Table 3). However, occupational category was related to a
positive CAC. Those in managerial/professional or technical/sales/support occupational
categories at either year 2 or year 10 had a lower likelihood of a positive CAC than were those
in the operators/fabricators/laborers category. After adjusting for systolic and diastolic blood
pressure, body mass index, physical activity, cholesterol, smoking status, and alcohol use
status, associations between occupational category and probability of subsequent CAC risk
remained significant for year 10 occupation but were attenuated for year 2 occupation (data
not shown).

Among 2943 participants with a CAC measurement and with job characteristics measured at
both years 2 and 10, there were no substantial differences in the prevalence of CAC based on
changes in decision latitude, psychological demands or job strain. For example, the unadjusted
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prevalence of CAC was 13.0% among those with job strain at both years 2 and 10 and 18.2%
among those with no job strain at both years; differences were not statistically significant in
multivariable adjusted models (Table 4).

We tested the interaction of race and decision latitude with the probability of CAC among
women at year 2 suggested in the crude analyses (Table 2). With analyses restricted to women,
we entered an interaction term of race X decision latitude (as a continuous variable) into the
models along with the lower-order terms and other covariates. The interaction term was of
borderline significance (P=0.053), with an increase in decision latitude among black women
being associated with a lower likelihood of CAC compared to white women.

Discussion
To our knowledge this is the first study to report on associations of job strain and occupation
in young adulthood with subclinical atherosclerosis measured by coronary artery calcium. We
observed no association between job strain measured at two time points in young adulthood
and subsequent CAC, at least 5 and up to 18 years later. Analyses stratified by race-sex groups
suggested potential racial differences in the patterns of associations between subclinical
atherosclerosis and job strain, but our study had limited power to examine these associations
in detail. By occupation, the prevalence of CAC tended to be highest among people who had
had blue collar jobs, even after adjusting for sociodemographic and cardiovascular risk factors.

Results from studies of the relationship between job strain and CHD have been mixed.
Community-based U.S. studies did not show direct associations between job strain and CHD
mortality (9,10,30-33), whereas direct associations were observed in studies from other
countries (6,34-36). A review of longitudinal studies suggested only modest support for the
job strain—CHD risk hypothesis (37). A meta-analysis of 14 prospective studies suggested
that CHD risk greater among workers with high versus low job strain after adjustments for age
and sex, but was attenuated after further adjustments for other risk factors and potential
mediators (38). Other studies of associations between job stress and risk factors produced
similarly mixed results (11,12,39). Differences in study results could reflect differences in how
job stress or cardiovascular variables were assessed, differences in how respondents interpreted
job content questions, cultural differences in how different study populations respond to job
stressors, or other factors. Other job characteristics (e.g., passive jobs) may also be associated
with cardiovascular risk (40). Although our sample sizes are small, a possible interaction of
race with decision latitude with the probability of CAC among women deserves further
attention, as others observed (albeit mixed) associations of high latitude/ high demand jobs
with cardiovascular risk among women (9,10).

Several studies have observed associations of job strain with increased carotid intima media
thickness (IMT) and other measures of subclinical cardiovascular disease. Muntaner (15) found
job characteristics to be associated with carotid IMT in the Atherosclerosis Risk in
Communities (ARIC) study but did not directly assess the job strain hypothesis. Rosvall (8)
found job strain to be associated with increased carotid IMT and plaque in women but not in
men, while the opposite was also observed (7,13). Among Japanese male factory workers, job
strain was associated with hyperintense spots and elevated pulse-wave velocity (41). Greater
arterial stiffness was observed among female but not male Japanese government workers with
job strain (42). Nomura (43), however, found a negative association between job strain and
arterial stiffness. Nordstrom (13) observed a greater prevalence of carotid lesions and increased
carotid intima media thickness among men in the highest compared to lowest quintile of job
stress but not among women. Further studies may help to elucidate these disparate findings
and whether job strain might be associated with development of subclinical atherosclerosis at
different sites.
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Participants in white collar jobs as young adults had a lower probability of CAC than those in
blue collar jobs, even after adjusting for conventional cardiovascular risk factors and education
level. Further investigation into the relationship between occupational characteristics and risk
for subclinical disease may include the extent to which occupation reflects socioeconomic
status and the extent to which the structure of work differs by occupational category.
Occupation, along with income and education, has been used as an indicator of socioeconomic
status (44), although the shortcomings of any of these indicators for adequately reflecting
socioeconomic status have been recognized (45). Whether occupation specific factors such as
job loss or changes in job content due to mechanization or globalization may be related to job
strain or disease development among workers in particular occupations or industries might be
further investigated.

Strengths of our study include use of carefully measured data collected at multiple times over
nearly 20 years. Our study included job characteristics measured at two time points in young
adulthood. Use of single-time exposure measures may underestimate the extent to which long-
term job strain is a CHD disease risk factor (46,47). However, the CARDIA cohort was selected
from only 4 U.S. communities and may not reflect the full spectrum of occupations and levels
of job stress of U.S. workers. Although we did not detect differential dropout by job
characteristics overall, it is possible that those with higher job strain chose not to participate
in the CARDIA study in the first place. For example, African Americans and those with lower
education were less likely to participate. However, our observed associations of occupation
with job strain and with CAC were in expected directions, in accordance with well-known
associations of socioeconomic status with cardiovascular disease, and lend support to our
observations of no association of job strain with CAC. In addition, because we did not have
job strain data for any period after 1995/1996, we were unable to assess associations between
more recent measures of job strain and CAC. Such information would be particularly relevant
in analyses of risk among U.S. workers given that they change jobs quite often: only about
50% of CARDIA participants were in the same occupational category in 1995/1996 that they
were in 1987/1988. Additionally, the CARDIA cohort was not large enough to examine
whether job strain within particular occupational categories may be related to subclinical
disease. Finally, due to the still relatively young age, we only assessed the presence or absence
of CAC, not the extent of plaque present in individuals.

Despite these limitations, our results suggest that job strain in early young adult life was not
associated with subsequent subclinical disease as indicated by a positive CAC, whereas
occupational category was associated with such risk. The extent to which the association of
occupation with the presence of CAC reflects socioeconomic factors or job-related factors
other than job strain deserves further investigation.
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Figure 1.
Sample Sizes for CARDIA Participants (n=5115 at baseline in 1985/1986) With Job Content
and Coronary Artery Calcium Measures.
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Figure 2.
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Percentage of CARDIA Participants With Jobs Having (A) High Decision Latitude, (B) High
Psychological Demands, and (C) High Strain (Low Decision Latitude, High Demands), by
Education Level and Occupation.
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Table 3

Adjusted Odds Ratios for Coronary Artery Calcium in 2000/2001 or 2005/2006 by Job Characteristics and
Occupational Category in 1987/1988 and 1995/1996: the CARDIA Study, 1987–2006

Odds of positive CAC (2000/2001 or 2005/2006)

Adjusted odds ratio 95% CI

Year 2 (1987/1988)

Job characteristics

 Decision latitude (continuous variable) 1.01 0.99—1.03

 Psychological job demands (continuous variable) 1.00 0.98—1.02

 Ratio of demands/latitude (continuous variable) 0.93 0.65—1.33

 Low versus high latitude 0.85 0.69—1.04

 Low versus high demands 0.98 0.80—1.19

 Other versus high job strain 1.09 0.86—1.39

 Low latitude, low demands 0.84 0.64—1.11

 High latitude, low demands 1.0 Referent

 Low latitude, high demands 0.85 0.64—1.14

 High latitude, high demands 1.01 0.77—1.34

Occupation

 Managerial/professional 0.64 0.44—0.94

 Technical/sales/support 0.68 0.49—0.96

 Service 0.61 0.42—0.90

 Precision/craft/repair 0.66 0.42—1.03

 Operators/fabricators/laborers 1.0 Referent

Year 10 (1995/1996)

Job characteristics

 Decision latitude (continuous variable) 1.01 1.00—1.03

 Psychological job demands (continuous variable) 1.01 0.99—1.02

 Ratio of demands/latitude (continuous variable) 0.86 0.57—1.29

 Low versus high latitude 0.93 0.76—1.15

 Low versus high demands 0.93 0.76—1.14

 Other versus high job strain 1.01 0.79—1.29

 Low latitude, low demands 0.98 0.75—1.29

 High latitude, low demands 1.0 Referent

 Low latitude, high demands 1.01 0.75—1.36

 High latitude, high demands 1.11 0.83—1.47

Occupation

 Managerial/professional 0.59 0.40—0.87

 Technical/sales/support 0.68 0.48—0.97

 Service 0.92 0.62—1.36

 Precision/craft/repair 1.02 0.66—1.60
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Odds of positive CAC (2000/2001 or 2005/2006)

Adjusted odds ratio 95% CI

 Operators/fabricators/laborers 1.0 Referent

CAC, coronary artery calcium; CI, confidence interval

The table presents results of separate multivariate logistic regression models (years 2 and 10) for decision latitude, psychological demands, and job
characteristics entered as either continuous or categorical variables. The results for occupation are from the same regression model with the 4-level
latitude/demand variable entered categorically. Models also adjusted for respondents’ race, sex, age, education, and site of study participation. Persons
in forestry, farming, and fishing occupations were excluded from analyses because of small sample sizes.
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Table 4

Association Between Changes in Job Characteristic and Job Strain Status from year 2 (1987/1988) to year 10
(1995/1996) and the Probability of CAC at Year 15 (2000/2001) or year 20 (2005/2006): the CARDIA study,
1987–2006

Year 2 Year 10

Positive CAC at year 15 or year 20

% positive CAC, unadjusted Adjusted odds ratio 95% CI

Decision latitude

Low Low 16.5 0.80 0.61, 1.06

High Low 19.8 1.29 0.95, 1.77

Low High 18.2 1.14 0.83, 1.56

High High 17.5 1.00 Referent

Psychological Demands

Low Low 18.8 1.0 Referent

High Low 17.0 0.98 0.73, 1.31

Low High 16.0 0.97 0.71, 1.31

High High 17.8 1.10 0.84, 1.43

Job Strain

Low Low 18.2 1.0 Referent

High Low 17.4 1.01 0.75, 1.38

Low High 18.2 1.17 0.86, 1.61

High High 13.0 0.75 0.49, 1.15

CAC, coronary artery calcium; CI, confidence interval

From separate multivariate logistic regression models adjusting for occupation, race, sex, age, site of study participation, and education. Persons in
forestry, farming and fishing occupations were excluded from analyses because of small sample sizes.
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